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In recent years, crowd-based content in the form of screencast videos has gained in popularity 
among software engineers. Screencasts are viewed and created for different purposes, such as a 
learning aid, being part of a software project’s documentation, or as a general knowledge sharing 
resource. For organizations to remain competitive in attracting and retaining their workforce, 
they must adapt to these technological and social changes in software engineering practices.  
In this thesis, we propose a novel methodology for mining and integrating crowd-based multi-
media content in existing workflows to help provide software engineers of different levels of 
experience and roles access to a documentation they are familiar with or prefer. As a result, we 
first aim to gain insights on how a user’s background and the task to be performed influence the 
use of certain documentation media. We focus on tutorial screencasts to identify their important 
information sources and provide insights on their usage, advantages, and disadvantages from a 
practitioner’s perspective. To that end, we conduct a survey of software engineers. We discuss 
how software engineers benefit from screencasts as well as challenges they face in using 
screencasts as project documentation.  
Our survey results revealed that screencasts and question and answers sites are among the most 
popular crowd-based information sources used by software engineers. Also, the level of experience 
and the role or reason for resorting to a documentation source affects the types of documentation 
used by software engineers. The results of our survey support our motivation in this thesis and 
show that for screencasts, high quality content and a narrator are very important components for 
users. 
Unfortunately, the binary format of videos makes analyzing video content difficult. As a result, 
dissecting and filtering multimedia information based on its relevance to a given project is an 
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Consider target audience’s level of expertise
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consideration a user’s specific speech and speed
α α=3
𝑚𝑒𝑎𝑛 + 𝛼 × 𝑠𝑑
“
” “ ”).
 𝐷𝑖𝑓𝑓(𝑖) = 𝑇𝑒𝑥𝑡(𝑖𝑚𝑔𝑖) − 𝑇𝑒𝑥𝑡(𝑖𝑚𝑔𝑖−1)
𝐷𝑖𝑓𝑓 = [𝐷𝑖𝑓𝑓(2), 𝐷𝑖𝑓𝑓(3), … , 𝐷𝑖𝑓𝑓(𝑘)]
















“Creating a Blog”. A higher value for “Distribution” means that the 
represent the topic’s “keywords”. We then use regular expressions to identify in each screencast’s 
’s wiki or web site. The videos usually come in the form of how

corresponds to the STT’s confidence level, according to 
e took advantage of the “timestamps” meta





, the 25 screencasts have a median “F measure” value of 84.32%, indicating 
teria for ranking their result sets based on a user’s search query. Most of the criteria are based 
frames or speech) in their ranking. The closest match is Google’s STT, whose results (bag of 



















“browser customization” “browser customization.js”).
‘_’,
‘ ’ ‘menu item’
𝐷𝑖𝑓𝑓𝑓𝑖𝑛𝑎𝑙
𝑗






𝑇𝐹𝑗 = 35 𝑟𝑗 = 1
𝑁𝑒𝑤_𝑟𝑗
𝑁𝑒𝑤_𝑇𝐹𝑗




























”, “ ”, “ ”, “
”, “
“ ”








∑ 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑎𝑡 𝑘𝑛𝑘∈𝑅
𝑅𝑅 = 1


















“ ”, “ ”, “ ”).
“Default Engine”
“Import s”







“ ” “gui speech weighted”
“menu” (“gui speech” “gui weighted”)
“speech” “speech weighted”
“gui” “gui weighted”






























“ ”, “ ”
“ ”
(“ ” “ ”)











A. Part of Maven’s appeal is that it can manage 
Domain Spanning Concepts 
General 
Concepts 




























projects showed that 36.7% of these projects’ dependents updated their depende











Image TextSpeech NVD DescriptionMetadata
o
n the video’s title, description, speech, or 
o













































Wewl5fAhnXA> rdfs:label “CVE 0096”
→
However, the alignment rule in Listing 1 only applies when a vulnerability’s CVE ID is explicitly 
𝑞1,…, 𝑞𝑛



















































 (b) Alignment when CVE ID not explicitly mentioned  in video

to this specific vulnerability: “CVE 5638”, “CVE
Apache Struts”, “input validation vulnerability Apache Struts”, and “input validation vulnerability 









✓ ✓ ✓ ✓
g IBM Watson’s Speech
𝑅𝑅 =  1





reference to a software product (which are represented as entities of DBpedia’s Software class) in 
RR results after “product” filtering of search “product and CWE category” 
hows the RR results after applying this filtering by “product and CWE category”. The 
T
we are now able to first identify vulnerable APIs or components Bob’s project might directly or 

AF’s accuracy compared favorably against the free tool and just below the 

r thesis hypothesis “
” We also provide future research 
’s bottom line. Generat
we received 99 responses. We analyzed the responses and found that “YouTube” and “Videos” 









A. Storey, L. Singer, B. Cleary, F. Figueira Filho, and A. Zagalsky, “The (R) 
Evolution of social media in software engineering,” 
–
A. Storey, and A. Bergen, “Code, Camera, Act
Developers Document and Share Program Knowledge Using YouTube,” 
, “Too long; didn’t watch!: extracting relevant fragments from software 
development video tutorials,” i
ICSE ’16 –
O. Barzilay, C. Treude, and A. Zagalsky, “Facilitating Crowd Sourced Software 
Engineering via Stack Overflow,” in 
–
S. Black, R. Harrison, and M. Baldwin, “A Survey of Social Media Use in Software 
Systems Development,” –
A. Storey, “Crowd documentation: Exploring 
and the dynamics of API discussions on Stack Overflow,” 
M. McLure Wasko and S. Faraj, “‘It is what one does’: why people participate and help 
lectronic communities of practice,” –
–
A. Storey, “Selecting research methods for studying a participatory culture in software 
development,” in 
EASE ’15 –
A. Storey, “Documenting and sharing software 
knowledge using screencasts,” –
E. E. Eghan, P. Moslehi, J. Rilling, and B. Adams, “The missing –
based approach for integrating screencasts with security advisories,” 
usif, “A survey on mining stack overflow: question 
mp;A) community,” –
, “Automatic Identification and Classification of Software 
al Fragments,” –
K. Khandwala and P. J. Guo, “Codemotion: Expanding the Design Space of Learner 
Interactions with Computer Programming Tutorial Videos,” in 
L@S ’18 –
. Adams, and J. Rilling, “Feature Location using Crowd based Screencasts,” 
–
L. Bao, J. Li, Z. Xing, X. Wang, X. Xia, and B. Zhou, “Extracting a
captured task videos,” 
–
L. Bao, Z. Xing, X. Xia, and D. Lo, “VT
Tutorial Authoring and Watching System,” –
L. Bao, Z. Xing, X. Wang, and B. Zhou, “Tracking and Analyzing Cross
Activities in Developers’ Daily Work (N),” in 
–
P. Moslehi, B. Adams, and J. Rilling, “On mining crowd based speech documentation,” in 
’16 –
A. Singh, “Challenges and Issues of Generation Z,” 
–
C. Seemiller and M. Grace, “Generation Z: Educating and Engaging the Next Generation 
” –
A. Turner, “Generation Z: Technology and Social Interest,” 
S. P. Eisner, “Managing generation Y,” –
and N. L. Galambos, “Work values and beliefs of ‘Generation X’ and 
‘Generation Y,’” 
T. Reisenwitz, “Differences in Generation X and Generation Y: Implications for the 
Organization and Marketers,” 
rug, “Understanding generation x,” 
S. Lissitsa and O. Kol, “Generation X vs. Generation Y A decade of online shopping,” 
The ABC of XYZ : understanding the 
D. R. Garrison and H. Kanuka, “Blended learning: Uncovering its transformative potential 
in higher education,” –
S. Subramanian, L. Inozemtseva, and R. Holmes, “Live API documentation,” in 
–
Luterbach, “Uncovering Common Elements and Instructional 
Strategies,” vol. 11, no. 3, 2010.
D. M. Blei, “Probabilistic topic models,” in 
–
H. Chen, S. W. Thomas, and A. E. Hassan, “A su
mining software repositories,” –
A. Kuhn, P. Loretan, and O. Nierstrasz, “Consistent Layout for Thematic Software Maps,” 
se, and T. Gîrba, “Semantic clustering: Identifying topics in source 
code,” –
B. Bassett and N. A. Kraft, “Structural information based term weighting in text retrieval 
for feature location,”
–
. J. Linstead, and S. K. Bajracharya, “A theory of aspects as 
latent topics,” in 
–
T. N. Nguyen, D. Lo, and C. Sun, “Duplicate bug report 
detection with a combination of information retrieval and topic modeling,” in
–
homas, B. Adams, A. E. Hassan, and D. Blostein, “Validating the Use of Topic 
Models for Software Evolution,” in 
–
or, “Software traceability with topic 
modeling,” in 
ICSE ’10 –
N. Ali, A. Sabane, Y. Gueheneuc, and G. Antoniol, “Improving Bug Location Using
Binary Class Relationships,” in 
–
M. Grechanik, C. Fu, Q. Xie, C. McMillan, D. Poshyvanyk, and C. Cumby, “A search 
levant applications,” in 
–
S. K. Bajracharya and C. V. Lopes, “Analyzing and mining a code search engine usage 
log,” – –
D. M. Blei, A. Y. Ng, and M. I. Jordan, “Latent dirichlet allocation,” 
–
H. M. Wallach, “Topic Modeling: Beyond Bag words,” in 
–
T. Hofmann and Thomas, “Unsupervised Learning by Probab
Analysis,” –
D. M. Blei, M. I. Jordan, T. L. Griffiths, and J. B. Tenenbaum, “Hierarchical Topic 
Models and the Nested Chinese Restaurant Process,” in 
–
Mcauliffe and D. M. Blei, “Supervised Topic Models,” in 
–
C. D. Manning, “Labeled LDA: A supervised topic 
labeled corpora,” in 
–
Huang, O. C. Z. Gotel, J. Huffman Hayes, P. Mäder, and A. Zisman, “Software 
bility: trends and future directions,” in 
–
Huang, P. Mader, M. Mirakhorli, and S. Amornborvornwong, “Breaking the 
stakeholders,” in 
–
B. Dit, M. Revelle, M. Gethers, and D. Poshyvanyk, “Feature location in source code: A 
ey,” –
, “The Grand Challenge of Traceability (v1.0),” in 
–
J. E. Gaffney Jr., “Metrics in Software Quality Assurance,” in 
’81 Conference –
H. Kagdi and J. I. Maletic, “Software Repositories : A Source for Traceability Links,” 
–
H. Kagdi, J. I. Maletic, and B. Sharif, “Mining software repositories for traceability links,” 
15th IEEE International Conference on Program Comprehension (ICPC ’07)
–
Lee, J. Hendler, and O. Lassila, “The Semantic Web,” 
–
D. L. McGuinness and F. Van Harmelen, “Owl web ontology language overview,” 
–
C. J. H. Mann, “The Description Logic Handbook –
Applications,” 
, 2n Edition. O’Reilly Media, 2011.
Sellers, “Bridging metamodels and ontologies in software engineering,” 
–
R. Witte, Y. Zhang, and J. Rilling, “Empowering software maintainers with semantic web 
technologies,” –
Kiko, “On the relationship of ontologies and models,” 
–
P. Yang, “Facing up to the inequality of crowdsourced API 
documentation,” –
J. C. Campbell, C. Zhang, Z. Xu, A. Hindle, and J. Miller, “Deficient documentation 
detection: A methodology to locate deficient project documentation using topic analysis,” 
–
am, L. Singer, O. Liskin, F. F. Filho, and K. Schneider, “Creating a shared 
understanding of testing culture on a social coding site,” in 
–
. Maurer, and C. Burns, “What makes a good code example?: A 
study of programming Q&A in StackOverflow,” in 
–
“An information retrieval approach 
to concept location in source code,” in 
–
nas, T. K. Landauer, and R. Harshman, “Indexing 
ysis,” –
P. van der Spek, S. Klusener, and P. van de Laar, “Towards Recovering Architectural 
Indexing,” in 
–
J. Eddy, Brian P. and Kraft, Nicholas A. and Gray, “Impact of structural weighting on a 
– que,” 
K. Lukins, N. A. Kraft, and L. H. Etzkorn, “Bug localization using latent Dirichlet 
allocation,” –
Wang, and B. Zhou, “Reverse engineering time
captured videos,” 
–
S. Yadid and E. Yahav, “Extracting code from programming tutorial videos,” in 
–
J. Ott, A. Atchison, P. Harnack, A. Bergh, and E. Linstead, “
,” –
Avila, E. Parra, and S. Haiduc, “Text Retrieval
Engineering Video Tutorials,” in 
–
Avila, and S. Haiduc, “Automatic tag recommendation for software 
development video tutorials,” in 
ICPC ’18 –
N. Jha, G. Williams, J. Staten, M. Vesper, and A. Mahmoud, “Analyzing User 
Comments on YouTube Coding Tutorial Videos,” in 
–
and W. Maalej, “Find, Understand, and Extend 
Development Screencasts on YouTube,” 
–
and A. Spence, “Using Video Tutorials as a Carrot
Learning,” –
S. Mohorovičič, “Creation and use of screencasts in higher education,” 
–
A. Pappu and A. Stent, “Automatic formatted transcripts for videos,” in 
–
R. Brunelli and T. Poggio, “Face recognition: features versus templates,” 
–
S. Nixon and A. S. Aguado, “Chapter 5 
matching,” in 
–
M. S. Nixon and A. S. Aguado, “Chapter 7 Object description,” in 
–
S. Takahashi and T. Morimoto, “N
Captioning,” in 
–
T. Oba, T. Hori, and A. Nakamura, “Sentence Boundary Detection Using Sequential 
,” –
T. Oba, T. Hori, and A. Nakamura, “Improved sequential dependency an
based sentence boundary detection,” 
–
K. Adrian, E. David, L. Peter, and N. Oscar, “
visualization with consistent layout,” 
–
X. Wei and W. B. Croft, “LDA hoc Retrieval,” 2006.
S. W. Thomas, “Mining Unstructured Software Repositories Using IR Models,” Queen’s 
X. Wang, A. McCallum, and X. Wei, “Topical N
an application to information retrieval,” 
–
I. Keivanloo, “Source Code Similarity and Clone Search,” 2013.
M. Baroni, S. Bernardini, A. Ferraresi, and E. Zanchetta, “The WaCky 
crawled corpora,” 
–
“Topic Modeling for Short 
Based Expansion,” 
–
X. Cheng, X. Yan, Y. Lan, and J. Guo, “BTM: Topic modeling over short texts,” 
–
C. Li, H. Wang, Z. Zhang, A. Sun, and Z. Ma, “Topic Modeling for Short Texts with 
Auxiliary Word Embeddings,” in 
SIGIR ’16
–
P. T. Devanbu and S. Stubblebine, “Software engineering for security: a roadmap,” in 
–
san, “The road ahead for Mining Software Repositories,” in 
–
. Eghan, and J. Rilling, “SV
Framework,” in 
–
J. Williams and A. Dabirsiaghi, “The unfortunate reality of insecure libraries,” pp. 1–
. O’Reilly, 2008.
M. Würsch, G. Ghezzi, M. Hert, G. Reif, and H. C. Gall, “SEON: a pyramid of ontologies 
for software evolution and its applications,” –
A. Kimmig, S. Bach, M. Broecheler, B. Huang, and L. Getoor, “A short introduction to 
probabilistic soft logic,” in 
–
i, and Q. Wang, “Ontology Model
Java Programs,” in 
–
d P. Tomczyk, “KOntoR: An Ontolog
Approach to Software Reuse,” in 
J. Tappolet, C. Kiefer, and A. Bernstein, “Semantic web enabled software analysis,” 
– –
P. Yang, “Facing up to the inequality of crowdsourced API 
documentation,” 
lsky, “Facilitating Crowd Sourced Software 
Engineering via Stack Overflow,” in Finding Source Code on the Web for …
–
S. Subramanian, L. Inozemtseva, and R. Holmes, “Live API documentation,” in 
–
L. Bao, Z. Xing, X. Wang, and B. Zhou, “Tracking and Analyzing Cross
Activities in Developers’ Daily Work,” in 
–
, “Automatic Identification and Classification of Software 
Development Video Tutorial Fragments,” 
“Extracting code from programming tutorial videos,” in 
–
rey, “Documenting and sharing software 
knowledge using screencasts,” –
M. Hirzel, D. Von Dincklage, A. Diwan, and M. Hind, “Fast online pointer analysis,” 
–
S. Mancoridis, B. S. Mitchell, Y. Chen, and E. R. Gansner, “Bunch: A clustering tool for 
the recovery and maintenance of software system structures,” in 
999.(ICSM’99) Proceedings. IEEE Intern –
D. Choi, M. Burke, and P. Carini, “Efficient flow
induced aliases and side effects,” in 
POPL ’93 –
N. Rutar, C. B. Almazan, and J. S. Foster, “A Comparison of Bug Finding Tools for 
Java,” in 
–
. Ponta, and A. Sabetta, “Impact assessment for vulnerabilities in open
source software libraries,” 
–
Visser, and A. Van Deursen, “Tracking 
vulnerabilities in proprietary software systems,” 
–
S. E. Ponta, H. Plate, and A. Sabetta, “Beyond M
Source Software,” in 
–
A. Decan, T. Mens, and E. Constantinou, “On the 
npm package dependency network,” in 
MSR ’18 –
acci, “Vulnerable open 
source dependencies,” in 
ESEM ’18 –
g, S. Springett, and W. Stranathan, “OWASP Dependency Check,”
S. S. Alqahtani, E. E. Eghan, and J. Rilling, “Tracing known security vulnerabilities in 
A Semantic Web enabled modeling approach,” 
–
an, A. Ouni, T. Ishio, and K. Inoue, “Do developers update their 
library dependencies?,” –
and J. Rilling, “API trustworthiness: an 
h for software library adoption,” –
Wood, D. Carrington, and S. Kaplan, “Toward a Software Maintenance 
Methodology using Semantic Web Techniques,” i
ility (SE’06) –
M. F. Bertoa, A. Vallecillo, and F. García, “An Ontology for Software Measurement,” in 
–
. Elgar, “A Formal Description of Design Patterns Using OWL,” in 
–
C. Kiefer, A. Bernstein, and J. Tappolet, “Mining Software Repositories with iSPAROL 
and a Software Evolution Ontology,” i
Software Repositories (MSR’07:ICSE Workshops 2007) –
J. Tappolet, “Sem aware software project repositories,” in 
E. Ureche, “LD2SD: linked data driven 
software development,” in 
Rilling, “Recovering Semantic Traceability Links 
between APIs and Security Vulnerabilities: An Ontological Modeling Approach,” in 
–
V. H. Nguyen and F. Massacci, “The (un)reliability of NVD vulnerable versions data,” in 
ASIA CCS ’13 –












